INTRODUCTION
Congenital and infantile cataract, despite its treatable nature, accounts for up to a fifth of the world's 1.4 million blind children. 1 Clinicians managing children under 2 years old with cataract face the challenging scenario of undertaking surgery in the proinflammatory environment of an infant eye, during the period of its most fundamental growth and development. Investigation of neural plasticity and critical periods of visual development 2 has led to implementation of whole population screening in most resource rich countries to ensure the earliest possible detection: for example in the UK as part of the National Screening Committee's Newborn and Infant Physical Examination programme, 3 and has informed amblyopia management. More recently research on biomaterials has allowed the development of artificial intraocular lenses (IoL) as an alternative to aphakic contact lenses. 4 Early adopters of IoLs in infancy argued three theoretical advantages. First, the potential of permanent in situ correction to offer better visual rehabilitation, argued to be especially important in children with unilateral cataract, in whom amblyopic deprivation is particularly strong due to rivalry from the unaffected eye. Second, that IoLs would be particularly useful in developing countries to reduce the need and expense associated with regular clinic visits to update contact lenses, as well as the risks of infection where access to clean water is limited. Third, some argued that IoLs could reduce the risk of postoperative glaucoma, the key sight threatening complication of childhood cataract surgery. Practitioners attracted by the potential benefits of IoL implantation for infants have adopted their use with some rapidity over the past decade, 5 despite an incomplete evidence base regarding risks, benefits or patient selection. There exists no robust evidence on outcomes for young children with bilateral cataract undergoing primary IoL implantation, and limited evidence on those with unilateral disease. We report visual and adverse outcomes at 1 year after primary surgery from IoLunder2, the population based cohort study of children with unilateral and bilateral cataract undergoing surgery with and without IoLs in the first 2 years of life in the British Isles during a 2-year period. The study was undertaken through our national collaborative research network, the British Isles Congenital Cataract Interest Group (BCCIG).
METHODS
The BCCIG, established in 1995, is a network of ophthalmologists specialising in congenital and infantile cataract, through which key national studies have been completed. 5 Following a survey of paediatric cataract surgery practice to consolidate and expand membership (n=173, see online supplementary appendix 1), 5 69 surgeons at 43 hospitals across the UK and 3 in the Republic of Ireland acted as the primary respondents, identifying and reporting data on children.
Any child resident in UK/Ireland undergoing surgery between January 2009 and December 2010 for congenital or infantile cataract in the first 2 years of life, with or without primary IoL implantation, was eligible for participation. BCCIG Editor's choice Scan to access more free content members received monthly reporting cards requesting case notification or confirmation of the 'absence' of cases, that is, active surveillance. Informed consent was obtained from families of eligible children. After discussions to harmonise key aspects of management (as described in online supplementary tables A,B), clinical data were collected at preoperative, peroperative, and 6-month and 12-month postoperative time points using studyspecific instruments developed through the BCCIG.
Assessment of clinical phenotype and interventions
We used standardised definitions of the most commonly associated ocular anomalies of microphthalmos, microcornea and persistence of ocular fetal vasculature (table 1) . [6] [7] [8] [9] [10] Achievement of over 50% of prescribed occlusion/corrrective wear as reported by caregivers was coded as 'good' concordance. Data on potential predictors of outcome and possible child and intervention-specific confounders (table 1) , agreed a priori based on previous research and biological plausibility, were collected prospectively.
Outcomes
Visual outcome measured at least 1 year after surgery (best corrected acuity assessed using standard hospital-specific but harmonised approaches) was categorised into an ordinal scale using the normative age-related values for each test modality (see table 1 and online supplementary table C) . [11] [12] [13] This enabled direct comparison across different modalities. We used standardised definitions for the two most significant adverse outcomes, 'secondary' postoperative glaucoma (structural damage or neuropathy secondary to elevated intraocular pressure) 14 and visual axis opacity (VAO) ( proliferation of either inflammatory material or remnant lens fibres).
Statistical analysis
Unilateral and bilateral cases were analysed separately. Data from both eyes of children with bilateral cataract were used with robust variance estimates to account for within-child correlation. We used multivariable ordinal or logistic regression, as appropriate, to estimate associations between visual outcome, incidence of glaucoma and VAO and child-specific/treatment-specific factors with adjustment for confounding factors (table 1) .
We investigated the correlation between potential predictors of outcome and possible confounders using non-parametrical tests (with p value threshold of 0.05 for a significant correlation). Multivariable analysis, using conventional stepwise regression, included variables significant at a 10% level in initial univariable analysis. We retained factors in the multivariable model if they altered the risk ratio estimate by more than 10% or were independently associated at a 5% significance level. We included the most clinically relevant factors, and the more statistically significant of any highly correlated factors identified from univariable analysis. We investigated the impact of missing covariate data using multiple imputation models and that of missing visual outcome data using non-parametrical testing of the differences between children with or without outcome data. Analyses were undertaken using Stata (V.12.1, StataCorp, College Station, Texas, USA).
RESULTS
We identified 306 eligible children. Comparisons with contemporaneous statutory hospital based reporting, and anticipated incidence, suggests near complete ascertainment. 15 The families of 254 of these children (83%) consented to participation. Forty-eight per cent of recruited children were female, 76% of children were of white ethnicity and 27% were in the worst quintile of socioeconomic deprivation. Primary IoL implantation was undertaken in 61/151 (40%) of children with bilateral and Significant coexistent ocular abnormality HCD<9.5 mm or axial length <16 mm or persistent ocular fetal vasculature (PFV) involving the anterior segment of the eye, or complex PFV, or other anterior segment or posterior segment abnormality Outcomes Visual outcome Level 3: Acuity within normal range for age*Level 2: Acuity worse than lower limit of normal range*Level 1: Unable to fix AND follow*
Potential predictors of visual outcome
Intraocular lens (IoL) implantation, age at diagnosis, time from diagnosis of cataract to surgery, socioeconomic status, (gestational) age at surgery, age at visual assessment, axial length, HCD, compliance with occlusion and correction, surgeon, surgical technique; and the presence of microphthalmos, an interocular axial length difference, a significant ocular anomaly, preoperative nystagmus or strabismus, medical disorder or impairment, peroperative complication, postoperative visual axis opacity (VAO), glaucoma or other complication or secondary intraocular procedure. In bilateral cases, asymmetry of opacity was also considered as a potential predictor of visual outcome Secondary glaucoma
Presence of a combination of signs consistent with IOP ≥21 mm Hg, eg, optic disc cupping ≥0. 55/103 (53%) with unilateral cataract. Complete postoperative data at 1 year were available for 221 of the 254 children, or 350 operated eyes. Comparing the preoperative and peroperative characteristics of children for whom we did/did not have 1-year postoperative data, there was no evidence of attrition bias.
Preoperative characteristics
Overall, the median age at diagnosis of cataract was 1.8 weeks, and 9.2 weeks at surgery. Ocular comorbidity was common, in particular persistent fetal vasculature (53/221, 24% of children including 42/90, 47% those with unilateral cataract) and microphthalmos (133 children, 59%). Children undergoing IoL implantation were older, had larger eyes and were less likely to have coexistent ocular abnormalities at surgery than those with aphakia (table 2) .
Peroperative adverse events
Peroperative complications occurred in 36 of the 350 operated eyes (10%), with more than one complication in two eyes (0.6%). Complications were more frequent with IoL implantation: 26 (16%) eyes versus 12 (6%) eyes in the aphakia group, (χ2 test p<0.01). The most common complication was iris prolapse (15 eyes with IoLs, 3 with aphakia). Three eyes underwent peroperative implant removal due to poor fit within the capsular bag and were left aphakic. We analysed outcomes for these three children within the IoL group, consistent with the 'intention to treat' approach.
Visual outcome
We excluded from this analysis 18 children with preoperative ocular or cerebral abnormalities that precluded good vision (figure 1). A similar proportion of children in the IoL and aphakia groups complied with formal visual assessment.
Overall 35 children with bilateral cataract (36%) and 10 operated eyes of children with unilateral disease (20%) had vision within the normal range for age in their better eye, or with both eyes open (figure 1). IoL implantation was independently associated with increased odds of being in a better visual category in bilateral cataract (table 3) . The association between IoL implantation and better visual outcome was robust to the multiple imputation of missing data. Good concordance with occlusion therapy and the absence of postoperative glaucoma were strongly associated with better visual outcome in unilateral cataract, but IoL implantation did not result in better vision for these children. For all children (those undergoing surgery for unilateral or bilateral cataract), there was some evidence of an association of younger age at surgery with better visual outcome.
Glaucoma
Data on glaucoma outcome were available for all 221 children. Five children with preoperative glaucoma were excluded from the analysis of 'secondary' glaucoma. Twenty-eight of the remaining 216 children, (13%) were diagnosed with glaucoma during the first postoperative year (table 4). All had undergone cataract surgery in the first 6 months of life. Younger age at 
Other adverse events
These comprised corectopia (12 eyes, 3%), vitreous haemorrhage (6 eyes, all with persistent fetal vasculature), wound complications (3 eyes) and retinal detachment (1 eye).
DISCUSSION
IoLunder2 is a unique prospective population based cohort study of outcomes in children undergoing cataract surgery in the first 2 years of life, with high and unbiased ascertainment. We report outcomes 1 year following primary surgery, an important milestone for families and clinicians, and likely to correlate with longer-term outcome. 16 17 We found evidence which suggests better early visual outcome, although not necessarily normal vision, with IoLs in bilateral cataract, though there is some uncertainty about the effect size. By contrast, we found no similar evidence for unilateral disease. We found glaucoma to be a frequent complication within the first postoperative year and that IoL implantation is not protective, as had been previously postulated. Notably, while younger age at surgery is associated with better early visual outcome 18 (supporting the value of screening) it is also the major risk factor for glaucoma. We also report the high rates of reoperation, especially to correct VAO following primary IoL use.
There are no equivalent studies with which to compare IoLunder2 directly. A North American group has recently reported a circumscribed randomised controlled trial (the Infant Aphakia Treatment Study), of IoL implantation in infants aged 6 months or under with unilateral cataract, 16 and has recommended leaving the eye aphakic in this subgroup of the target population children. Our findings of a higher rate of reoperation and an absence of better visual outcome in unilateral cataract are in agreement with their key findings. More importantly, from IoLunder2 we are also able to suggest that the use of IoLs should be reconsidered in all children under 2 years of age with unilateral congenital and infantile cataract. Furthermore, we have addressed the role of IoLs in younger children with bilateral disease, which accounts for the majority of children affected by congenital and infantile cataract, and by definition for almost all children who would be rendered severely visually impaired by the disorder. We suggest that the value of IoLs in terms of potentially better early visual outcome in this group should to be balanced against the risk of high reoperation rates which expose children to repeat general anaesthetic in a key period of neurodevelopment.
Potential limitations of observational cohort studies such as IoLunder2 relate to bias and confounding. Active surveillance via a national clinical research network achieved a higher level of ascertainment than the statutory databases of clinical activity, 15 which supports near-complete and thus unbiased ascertainment, although capture-recapture analysis was not possible as there was no suitable independent data source for analysis. 19 As shown by our survey of clinical practice, undertaken prior to the study, a high degree of uniformity of clinical approach exists across the UK/Ireland, 5 enabling key aspects of management to be harmonised with BCCIG prior to data collection. Obtaining reproducible, accurate quantitative visual acuity data from young children is difficult, particularly in unilateral disease, where testing of the affected eye involves occlusion of the better seeing eye. Compliance was similar in the IoL and aphakia groups, and analysis of the possible determinants and impact of missing outcome data showed that bias is likely to be minimal. In observational studies confounding factors (such as the ocular size or coexistent ocular anomaly) are addressed through multivariable analysis, versus by randomisation as in clinical trials. We considered all possible clinically plausible confounders in our investigation of outcome. In addition to achieving a high degree of validity, the representative nature of the cohort also enables a high degree of generalisabilty for the study findings, and, although we report early outcomes, these can be anticipated to be predictive of longer-term outcomes. 16 17 Secondary glaucoma following congenital/infantile cataract surgery invariably consigns children to frequent and indefinite follow-up, and often to multiple surgical interventions. 14 20 Almost a half of affected children are severely visually impaired, and in some cases vision is worse than that reported for unoperated cataract. 20 As about 5% of children develop glaucoma in each subsequent year following primary surgery, 21 there is the prospect that the majority of the IoLunder2 cohort may eventually be affected. Future research into the pathogenesis of this iatrogenic and potentially blinding outcome is essential. Follow-up of the IoLunder2 cohort will afford further insight into natural history and risk factors, however as we have suggested that age is the key risk factor, future research should also focus on understanding the impact of surgery on normal early development of the anterior chamber through mechanisms such as exposure to lens epithelial cells or inflammation. 22 Historically, the late detection of congenital/infantile cataract was one of the main obstacles to achieving good outcomes and in response, in most industrialised countries, screening programmes were implemented. The Newborn and Infant Physical Examination programme of newborn/infant screening in the UK 3 resulted in half of all children in IoLunder2 being diagnosed within the first fortnight of life enabling timely treatment. Our findings of associations between younger age at surgery and better visual outcome and glaucoma serve to highlight challenges of the timing of surgery. Such decision making requires prompt diagnosis even where treatment may be deferred. It is unlikely that visual outcomes in resource-poor countries will improve without strategies for early detection.
Much of the enthusiasm behind the rapid adoption of IoL use internationally has been the potential through a 'one off ' intervention to achieve some degree of 'permanent' refractive correction, compared with the use of aphakic glasses or contact lenses for visual rehabilitation in settings where regular healthcare contact cannot be guaranteed. Our findings, and those of the recently reported others, 16 should be reviewed in the context of the growing body of evidence relating to the possible association between multiple general anaesthetics in early childhood and long-term cognitive impairment. 23 We suggest clinicians should now critically review practices. The longer-term follow-up of the IoLunder2 cohort will identify the trajectories of visual development, and by capturing a 'final' acuity outcome will clarify whether the positive association between IoL use in bilateral disease and better visual outcome persists and its magnitude. More generally, we suggest that IoLunder2 exemplifies the importance of rigorous observational epidemiological research in the evaluation of surgical innovations for uncommon disorders, ahead of widespread adoption.
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